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OBLONG DIAPHRAGM VALVES

RELATED APPLICATIONS

This application claims a benefit of International Appli-
cation No. PCT/US2016/038805, filed on Jun. 22, 2016,
which 1n turns claims priority to U.S. Provisional Applica-
tion No. 62/183,249, filed Jun. 23, 2015, entitled “OBLONG
DIAPHRAGM VAILVES.,” the entireties of which are incor-

porated herein by reference for all purposes.

TECHNICAL FIELD

This disclosure relates to diaphragm valves. More par-
ticularly, embodiments described herein relate to oblong
diaphragm valves, useful for high precision pumps as well
as low volume displacement, high/low flow pressure appli-
cations.

BACKGROUND

There are many applications for which precise control
over the amount or rate at which a fluid 1s dispensed by a
pumping apparatus i1s necessary. In semiconductor manu-
facturing processes, for example, 1t 1s important to control
the amount and rate at which photochemicals, such as
photoresist chemicals, are applied to a semiconductor water.

Many photochemicals used 1n the semiconductor industry
are very expensive, costing a thousand or more per a liter.
Additionally, these chemicals may be susceptible to break-
ing down or gelling within a short time. Therefore, 1t 1s
advantageous to utilize pumping systems which minimize
unused volume and prevent stagnation of fluid contained
therein.

Pumping systems, such as those used 1n semiconductor
manufacturing, may utilize a number of diaphragm valves to
move or exert pressure on the process fluid. Hydraulic fluid
1s typically used to assert pressure on one side of the
diaphragm to cause the diaphragm to move, thereby dis-
placing the process fluid. The hydraulic fluid could be put
under pressure by a pneumatic piston or a stepper motor
driven piston.

Existing diaphragm valves are usually round or circular in
shape. To get the displacement volume required by dispense
pumps, a typical diaphragm valve has to have a diaphragm
with a relatively large surface area that 1s much larger than
the area between the inlet and outlet. Consequently, the
valve chamber often has a larger than necessary volume and

a cross-sectional profile of a circle with a relatively large
diameter. This can result 1n a holdup volume of processing
fluid being left in the valve chamber after a dispense
operation which, 1 turn, may cause stagnation of fluid
and/or gelling 1ssues. Furthermore, the relatively large diam-
cter of the valve chamber can make controlling pressure
drop across the diaphragm valve very diflicult which, in turn,
may negatively aflect precision in pumping operations. In
view of at least these issues, there 1s room for innovations
and 1mprovements.

SUMMARY

A diaphragm (or membrane) valve generally has a valve
body with two or more ports, a diaphragm (which 1s also
referred to as a membrane or a thin flexible sheet of material,
collectively referred to hereinafter as a diaphragm), and a
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2

seat or “saddle” against which the diaphragm closes the
valve. The valve body can be constructed 1n many materials
such as plastic or metal.

Existing diaphragm wvalves are circular in nature—the
diaphragm has a circular shape and the seat 1s defined by a
hemispherical structure having a three-dimensional curved
surface that resembles the inner surface of a sphere or bowl.
Embodiments disclosed herein provide a new and improved
non-circular, oblong diaphragm valve usetul for a variety of
applications, including high precision pumping systems.

The oblong diaphragm valve has a cross-sectional profile
that can be described as non-circular, elliptical, or elongated,
with a length greater than i1ts width and without any corners
or angles (1.e., the cross-sectional profile has no diverging
lines). In some embodiments, an oblong diaphragm valve
may have a first part and a second part. The first part of the
oblong diaphragm valve may have a first depression or
curved surface carved into the first end face of a body such
as a dispense block. The second part of the oblong dia-
phragm valve may have a second depression or curved
surface carved into the second end face of a plate such as a
valve plate. The first curved surface and the second curved
surface having the same or substantially the same non-
circular, oblong, elliptical, or elongated shape having a
length and a width, with the length being greater than the
width.

When the body and the plate are joined and secured to
cach other, with a diaphragm sandwiched there-between, the
curved surfaces define an oval or egg-shaped valve chamber.
An nlet and an outlet are defined 1n the curved surface of the
body at opposite ends which are defined by a length of the
valve chamber. A flow passage 1s defined 1in the curved
surface of the plate and has an opening centrally located
relative to the valve chamber for actuation of the diaphragm
to close or open the oblong diaphragm valve. For example,
the oblong diaphragm valve may be opened through appli-
cation of a vacuum which may cause the diaphragm to be
drawn away from the inlet and outlet, allowing fluid to tlow
into and out of the valve chamber. Application of a pressure
may push the diaphragm against the valve inlet and outlet,
preventing fluid tlow through the oblong diaphragm valve
and closing the oblong diaphragm valve.

In some embodiments, a system may include a body
having a first end face, a plate having a second end face, and
an oblong diaphragm wvalve disclosed herein. In some
embodiments, the body can be a part of a dispense block 1n
a pump and the plate can include a valve plate. In some
embodiments, the oblong diaphragm valve may have a {first
part, a second part, a valve chamber, an inlet, an outlet, a
diaphragm, and a flow passage. The second end face of the
valve plate can be structured to couple to the first end face
of the dispense block such that the diaphragm of the oblong
diaphragm valve 1s sandwiched between the first part and the
second part of the oblong diaphragm valve.

The first part of the oblong diaphragm valve may have a
first curved surface carved 1nto the first end face of the body
and the second part of the oblong diaphragm valve may have
a second curved surface carved into the second end face of
the plate. The first curved surface and the second curved
surface may have the same or substantially the same oblong
shape, which can have a length and a width, with the length
greater than the width.

The valve chamber may have a volume defined by the first
curved surface and the second curved surface 1n the first part
and the second part of the oblong diaphragm valve. Fur-
thermore, the valve chamber may have a first end and a
second end defined by the length of the oblong shape. In
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some embodiments, the valve chamber may have an oval,
cgg-shaped three-dimension space. In some embodiments,
the valve chamber may have a cross-sectional profile of a
non-circular shape, with no comers or diverging lines.

The inlet may be defined 1n the first part of the oblong
diaphragm valve and proximal to the first end of the valve
chamber for directing a fluid into the valve chamber. The
outlet may be defined in the first hall of the oblong dia-
phragm valve and proximal to the second end of the valve
chamber for directing the fluid out of the valve chamber.

The diaphragm may be sandwiched between the first part
and the second part of the oblong diaphragm valve. In this
disclosure, double concavity refers to the first curved surface
and the second curved surface on both sides of the dia-
phragm. In some embodiments, the first curved surface
defined 1n the first end face of the body and the second
curved surface defined in the second end face of the plate
have the same depth or substantially the same depths.

In some embodiments, the depth may depend on one or
more factors. Examples of factors may include, but are not
limited to, an amount of vacuum or pressure required to fully
displace the diaphragm 1n the valve chamber, an extent of
expected stress on the diaphragm during operation of the
oblong diaphragm valve, a temperature or range of tempera-
tures having an eflect on the diaphragm, a dispense volume,
an expected failure rate for the diaphragm, an expected
lifespan of the diaphragm, a diameter of the inlet, a diameter
of the outlet, a viscosity of the fluid, or a combination
thereof.

The flow passage may be defined 1n the second part of the
oblong diaphragm valve and may have an opening centrally
located relative to the valve chamber. A vacuum or pressure
may be applied to the diaphragm wvia the centrally located
flow passage to open or close the oblong diaphragm valve.
In some embodiments, the first curved surface may define a
seat against which the diaphragm adapts to match with
mimmal or no stress when pressure 1s applied via the flow
passage and the opening defined in the second part of the
oblong diaphragm valve to close the oblong diaphragm
valve. In some embodiments, the second curved surface may
define a seat against which the diaphragm adapts to match
with minimal or no stress when vacuum 1s applied via the
flow passage and the opening defined 1n the second part of
the oblong diaphragm valve to open the oblong diaphragm
valve and allow the fluid to flow from the inlet to the outlet.

In some embodiments, a system may further include a
distorted, oblong shaped O-ring, a first sealing channel or
groove, and a second sealing channel or groove. The dis-
torted, oblong shaped O-ring may be defined 1n the first part
of the oblong diaphragm valve. The first sealing channel or
groove may have an oblong, elongated, elliptical, or non-
circular shape surrounding the first curved surface 1n the first
part of the oblong diaphragm valve. The second sealing
channel or groove may be defined in the second part of the
oblong diaphragm valve. The second sealing channel or
groove may have an oblong, elongated, elliptical, or non-
circular shape surrounding the second curved surface in the
second part of the oblong diaphragm valve.

In some embodiments, the first sealing channel or groove
may be dimensioned to receive or otherwise accommodate
the distorted, oblong shaped O-ring therein. When the first
part and the second part of the oblong diaphragm valve are
joined and secured to each other, the distorted, oblong
shaped O-ring presses the diaphragm into the second sealing
channel or groove defined 1n the second part of the oblong
diaphragm valve such that a seal 1s created and the dia-
phragm 1s fixed 1n place.
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4

In some embodiments, the second sealing channel or
groove may be dimensioned to receive or otherwise accoms-

modate the distorted, oblong shaped O-ring therein. When
the first part and the second part of the oblong diaphragm
valve are jomned and secured to each other, the distorted,
oblong shaped O-ring presses the diaphragm into the first
sealing channel or groove defined in the first part of the
oblong diaphragm valve such that a seal 1s created and the
diaphragm 1s fixed in place.

Embodiments of an oblong diaphragm valve disclosed
herein can provide many advantages. For example, the
overall size of the oblong diaphragm valve (and thus fluid
volume held 1n the valve) can be significantly smaller than
conventional circular diaphragm valves due to the oblong,
non-circular, elliptical, or elongated cross-sectional shape of
the oblong diaphragm valve. This reduction, 1n turn, can
result 1n less wasted fluid. The smaller form factor of the
oblong diaphragm valve may also afford greater flexibility 1n
configuring a dispense block, for instance, 1n arranging
internal passages or other features of the dispense block.
Smaller oblong diaphragm valves can also reduce the overall
s1ze of the pump and/or allow more valves to {it in a given
space. Furthermore, valve inlets and outlets may be more
advantageously oriented, such as a vertical orientation
which may reduce bubbles or other undesirable etiects.

Additionally, the oblong diaphragm valve has many novel
features that allow the diaphragm to close or open the oblong
diaphragm valve with minimal or no stress. These features
include, for instance, creating double concavity on both
sides of the diaphragm, maximizing distance between the
valve inlet and outlet on one side of the diaphragm, centrally
locating flow passage on the other side of the diaphragm, etc.
The reduction, or elimination, of stress on the diaphragm, 1n
turn, can ensure durability and longevity of the oblong
diaphragm valve, reduce pressure spikes on actuating the
diaphragm, and increase precision in pumping operations.
The oblong diaphragm valve can also reduce stagnation of
fluid which, 1n turn, reduces or prevents degradation of the
fluid and/or gelling, which can be harmiul to the finished
product or even cause blockage 1n the pump.

These, and other, aspects of the disclosure will be better
appreciated and understood when considered 1n conjunction
with the following description and the accompanying draw-
ings. It should be understood, however, that the following
description, while indicating various embodiments of the
disclosure and numerous specific details thereot, 1s given by
way of illustration and not of limitation. Many substitutions,
modifications, additions and/or rearrangements may be
made within the scope of the disclosure without departing
from the spirit thereof, and the disclosure includes all such
substitutions, modifications, additions and/or rearrange-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings accompanying and forming part of this
specification are included to depict certain aspects of the
disclosure. It should be noted that the features illustrated 1n
the drawings are not necessarily drawn to scale. A more
complete understanding of the disclosure and the advantages
thereol may be acquired by referring to the following
description, taken in conjunction with the accompanying
drawings 1n which like reference numbers indicate like
features.

FIG. 1 depicts a diagrammatic representation illustrating
a dispense block, a valve plate, and circular diaphragm
valves.
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FIG. 2 depicts a diagrammatic representation of a cross-
sectional view of an example diaphragm valve having a

hemispherical valve chamber defined by single concavity in
a valve plate.

FIG. 3 depicts a diagrammatic representation of a per-
spective view ol an example oblong diaphragm valve
according to some embodiments.

FIG. 4A depicts a diagrammatic representation of a cut-
away view ol an example circular diaphragm valve.

FIG. 4B depicts a diagrammatic representation of a cut-
away view ol an example oblong diaphragm valve according
to some embodiments.

FIG. SA depicts a diagrammatic representation of a cross-
sectional view of an example circular diaphragm valve.

FIG. 5B depicts a diagrammatic representation of a cross-
sectional view of an example oblong diaphragm valve
according to some embodiments.

FIG. 6 depicts a diagrammatic representation of a cross-
sectional view of a system having a body, a valve plate, and
an oblong diaphragm valve according to some embodi-
ments.

FIG. 7A depicts a diagrammatic representation 1llustrating,
example flow patterns produced by circular diaphragm
valves 1n a pumping system.

FIG. 7B depicts a diagrammatic representation of an
example tlow pattern produced by an oblong diaphragm
valve 1 a pumping system according to some embodiments.

FIG. 8 A depicts a diagrammatic representation of circular
diaphragm valves defined on an end surface of a dispense
block.

FIG. 8B depicts a diagrammatic representation of oblong
diaphragm valves defined on an end surface of a body
according to some embodiments.

FIG. 9 depicts a diagrammatic representation of an
exploded view of an example system having a plurality of
oblong diaphragm valves according to some embodiments.

DETAILED DESCRIPTION

The disclosure and various features and advantageous
details thereotf are explained more fully with reference to the
exemplary, and therefore non-limiting, embodiments 1llus-
trated 1n the accompanying drawings and detailed in the
tollowing description. Descriptions of known programming
techniques, computer software, hardware, operating plat-
forms and protocols may be omitted so as not to unneces-
sarily obscure the disclosure 1n detail. It should be under-
stood, however, that the detailed description and the specific
examples, while indicating the preferred embodiments, are
given by way of illustration only and not by way of
limitation. Various substitutions, modifications, additions
and/or rearrangements within the spirit and/or scope of the
underlying inventive concept will become apparent to those
skilled 1n the art from this disclosure.

A diaphragm valve has a valve chamber, a diaphragm (or
membrane) disposed 1n the valve chamber, and a valve body
with two or more ports, at least one of which 1s connected
to an actuator for actuating the diaphragm to open or close
the diaphragm valve. A diaphragm can also be referred to as
a membrane or a thin tlexible sheet of material. For the sake
of clarity and not of limitation, these terms are collectively
referred to 1n this disclosure as a diaphragm.

Existing diaphragm valves are typically circularly shaped,
defined by a hemispherical (1.e., one half of a sphere)
structure having a three-dimensional curved surface that
resembles the inner surface of a sphere or bowl and that has
a cross-sectional profile that resembles a circle. Such dia-
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phragm valves are referred to herein as circular diaphragm
valves. Examples of circular diaphragm valves can be found

in International Application No. PCT/US2006/044906, filed
Nov. 20, 2006, published as WO 2007/061956 A2, which 1s
hereby fully incorporated by reference herein. Embodiments
disclosed herein provide a new and improved non-circular,
oblong diaphragm valve usetul for a variety of applications,
including high precision pumping systems. For example,
oblong diaphragm valves can be implemented as an 1put
valve, an 1solation valve, a barrier valve, a purge valve, and
a vent valve, and integrated into a dispense block 1n a
pumping system used 1n semiconductor manufacturing.

As 1llustrated 1n FI1G. 1, circular diaphragm valve 118 can
be formed of multiple pieces and disposed between dispense
block 110 (or other part of a pump body or a valve body) and
valve plate 112. Annular ring 119 1s defined on an end
surface of dispense block 110 around circular diaphragm
valve 118 for sealing with O-ring 116. This 1s further
described below.

Dispense block 110 can be made of a synthetic fluoropo-
lymer of tetrafluoroethylene such as polytetratluoroethylene
(PTFE) or modified PTFE. A sheet of elastomeric or flexible
material 114 1s sandwiched between an end surface of valve
plate 112 and an end surface of dispense block 110. As FIG.
1 exemplifies, a single sheet of material 114 can be used to
form multiple diaphragms for multiple circular diaphragm
valves, although multiple sheets may also be used. Valve
plate 112 can be machined out of aluminum, while material
114 can include PTFE or modified PTFE. Other suitable
materials can also be used.

FIG. 2 depicts a diagrammatic representation of a cross-
sectional view of circular diaphragm valve 200 (which can
be an embodiment of circular diaphragm valve 118 shown in
FIG. 1). Circular diaphragm valve 200 has a hemispherical
valve chamber 218 defined by single concavity carved into
an end surface of valve plate 208. In this example, circular
diaphragm valve 200 1s shown 1n an open position, in which
diaphragm 204 1n valve chamber 218 1s displaced, allowing
a fluid to tlow from 1nlet 210 into valve chamber 218 and out
of outlet 212. In this example, both mlet 210 and outlet 212
are defined on a flat end surface of dispense block 216.
Annular ring 224 1s also defined on the flat end surface of
dispense block 216. Annular ring 224 1s dimensioned or
otherwise sized to accommodate valve chamber 218 and
provides for sealing with O-ring 222, as explained below.

The concavity defined 1n valve plate 208 which defines
valve chamber 218 may represent an arced valve seat from
the center of valve chamber 218 to the edge of valve
chamber 218, towards which diaphragm 204 displaces radi-
ally, in a semi-hemispherical shape. Since the end surface of
dispense block 216 which forms part of the valve body for
circular diaphragm valve 200, valve chamber 218 has a
hemispherical shape that resembles the mner surface of a
bowl or sphere. When circular diaphragm valve 200 opens,
diaphragm 204 displaces against and adapts to match the
hemispherical shape of valve chamber 218. This eliminates
dead volume(s) when circular diaphragm valve 200 1s open.
The circular edge of valve chamber 218 and the constant
radius of the arced surface allow stress to be distributed
radially and evenly across diaphragm 204.

Circular diaphragm valve 200 can be actuated via flow
passage 206 defined 1n valve plate 112, as illustrated 1n FIG.
2. Flow passage 206 can run ifrom a valve control inlet (e.g.,
valve control mlet 117 shown 1n FIG. 1) on a side of valve
plate 208 to opening 207 in the arced surface of valve
chamber 218. By application of a valve control gas/vacuum
or other pressure via tlow passage 206, actuation of circular
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diaphragm valve 200 can be achieved to cause displacement
of diaphragm 204. More specifically, by selective applica-
tion of vacuum or reduced pressure through flow passage
206 defined in valve plate 208, diaphragm 204 can be
displaced 1nto the hemispherical structure of valve chamber
218, thereby causing circular diaphragm valve 200 (which
can, for example, be a purge valve) to open. Pressure applied
through tlow passage 206 defined 1n valve plate 208 can
cause diaphragm 204 to be displaced away from the hemi-
spherical structure of valve chamber 218 and towards inlet
210 and outlet 212 defined 1n dispense block 216, thereby
causing circular diaphragm valve 200 to close. The displace-
ment volume (in milliliter or mL) of circular diaphragm
valve 200 can be fixed. Multiple circular diaphragm valves
in the same pumping system may have the same or different
fixed displacement volumes.

Additionally, different amounts of vacuum/pressure may
be applied to circular diaphragm valves 1n the same pumping,
system. In some cases, a minimum amount of vacuum or
pressure may be applied to a diaphragm to open or close a
circular diaphragm valve. For example, pressure (e.g., 35
pounds per square inch (ps1)) can be applied to diaphragm
204 via tlow passage 206 defined in valve plate 208 to close
circular diaphragm valve 200 and vacuum (e.g., 10 Hg
(inches of mercury)) can be applied to diaphragm 204 via
flow passage 206 defined 1n valve plate 208 to open circular
diaphragm valve 200.

In the example of FIG. 2, valve plate 208 1s connected and
secured to dispense block 216, with diaphragm 204 sand-
wiched between them. Annular ring 220 1s defined on an end
surface of valve plate 208 and dimensioned to surround or
otherwise accommodate valve chamber 218 and seating
O-ring 222. When valve plate 208 1s attached to dispense
block 216, O-ring 222 presses diaphragm 204 1nto annular
ring 224 defined on an end surface of dispense block 216,
turther sealing circular diaphragm valve 200. This creates a
seal and fixes diaphragm 204 1n place.

As described above, valve chamber 218 can be sized to
allow diaphragm 204 to displace suthciently to allow a fluid
to flow from 1nlet 210, into valve chamber 218, and out of
valve chamber 218 through outlet 212. Additionally, valve
chamber 218 can be sized to minimize pressure drop while
reducing the displacement volume. For example, 11 the valve
chamber 1s made too shallow, diaphragm 204 may unduly
constrict fluid tlow for a particular application even when
circular diaphragm valve 200 1s fully opened. However, as
the depth of valve chamber 218 increases, the minimum
amount of vacuum needed to fully displace diaphragm 204
to open circular diaphragm valve 200 (1.e., at a position in
which diaphragm 204 1s fully displaced into valve chamber
218) also increases, leading to additional stress on dia-
phragm 204. While valve chamber 218 can be sized to
balance the tlow characteristics of circular diaphragm valve
200 with the stress on diaphragm 204, this balancing act 1s
constrained by the circular nature of diaphragm valve 200.

Circular diaphragm valve 200 can be implemented in
many ways. For example, flow passage 206 does not have to
be centered 1n valve chamber 218 and may be off center.
Additionally, mlet 210 and outlet 212 can be positioned in
any position that allows a fluid to flow between them when
circular diaphragm valve 200 1s at an open position and be
restricted when circular diaphragm valve 200 1s at a closed
position. In the example of FIG. 2, inlet 210 defined in
dispense block 216 1s centrally located on the opposite side
of opening 207, which 1s also centrally located and defined
in valve plate 208. Outlet 212 1s positioned ofl-center and 1s
relatively close to inlet 210. Because outlet 212 1s further
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from the center of valve chamber 218 (and hence 1s further
from the center of the hemisphere structure or depression
defined in valve plate 208) than inlet 210, a smaller amount
of fluid 1s displaced through outlet 212 than inlet 210 when
circular diaphragm valve 200 1s closed.

The positioning of these ports and flow passages can be
reversed or otherwise varied from implementation to 1mple-
mentation. For example, 1t may be desirable in some appli-
cations to displace less tluid back to a dispense chamber and
more to a feed chamber when a purge valve closes. For an
inlet valve, 1t may be desirable in some applications to have
an 1nlet flow passage to be closer to the center of a feed
chamber so that more fluid 1s displaced back to the tluid
source than to the feed chamber when the inlet valve 1s
closed. In some cases, 1t may be desirable to arrange inlets
and outlets of various valves 1n disparate positions to reduce
the amount of fluid pushed into a dispense chamber when the
valves close. Other configurations of inlet and outlet flow
passages can also be utilized. For example, both the inlet and
outlet flow passage to a valve can be ofl center. As another
example, the widths of the inlet and outlet flow passages can
be diflerent so that one flow passage 1s more restricted, again
helping to cause more fluid to be displaced through one of
the tlow passages (e.g., the larger tlow passage) when the
valve closes.

Circular diaphragm wvalves with hemispherical valve
chambers such as valve chamber 218 described above can
have an approximately constant displacement regardless of
the amount of vacuum applied. For example, a circular
diaphragm valve having a hemispherical valve chamber with
a 0.022 inch radius may displace 0.047 mL of fluid; a
circular diaphragm valve having a hemispherical valve
chamber with a 0.015 inch radius may displace 0.040 mL of
fluid; and a circular diaphragm valve having a hemispherical
valve chamber with a 0.010 inch radius may displace 0.030
ml of fluid, even if the same amount of vacuum (e.g., 10
Hg) 1s applied to their differently sized diagrams. This
allows for placements of multiple circular diaphragm valves
with different, repeatable displacement volumes on the same
valve plate.

The size of each such circular diaphragm valve can be
selected to balance the desire to minimize the pressure drop
across the valve (1.e., the desire to minimize the restriction
caused by the circular diaphragm valve 1n the open position)
and the desire to minimize the amount of holdup volume of
the circular diaphragm valve. That 1s, the multiple circular
diaphragm valves can be dimensioned to balance the desire
for mimimally restricted flow and to minimize pressure
spikes when they open/close. Following the above example,
a smaller purge valve can minimize the amount of holdup
volume that returns to a dispense chamber when the purge
valve closes. Additionally, the multiple circular diaphragm
valves can be dimensioned to be fully opened when a
threshold vacuum 1s applied. For example, a purge valve can
be dimensioned to be fully opened when 10 Hg of vacuum
1s applied. As the vacuum increases, the purge valve will not
open any further.

These multiple circular diagram valves may have different
dimensions for different functions. For example, a purge
valve can be smaller than the other valves or the valves can
be otherwise dimensioned. As a specific example, a valve
chamber having a hemispherical surface with a spherical
depth d of 0.015 inches may correspond to a sphere with a
radius r of 3.630 inches. As another specific example, a
valve chamber having a spherical depth d of 0.022 1nches
may correspond to a sphere with a radius r of 2.4353 inches.
As yet another example, a circular diagram valve having an
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iner diameter of 0.797 inches with a surface area (at
resting) of 0.4989 sq. in. may define a valve volume (V__, )

of 0.12 CC (e.g., given that V__, =Vemnd(3r*+d*). Skilled

artisans appreciate the mathematical relationship between
depth d and radius r in the given examples.

FIG. 3 depicts a diagrammatic representation of a per-
spective view ol example oblong diaphragm valve 300
according to some embodiments. Oblong diaphragm valve
300 can be made using materials similar to those described
above with reference to circular diaphragm valve 118 of
FIG. 1 and circular diaphragm valve 200 of FIG. 2, and can
operate 1 a high precision pump such as the pump with
reduced form factor disclosed 1n the above-referenced WO
2007/061956 A2. Skilled artisans appreciate that embodi-
ments of an oblong diaphragm valve disclosed herein are not
limited to pump applications and can be used where low
volume displacement and/or high/low flow pressure dia-
phragm valves are needed. Other implementations are also
possible.

Within this disclosure, the term “oblong™ refers to an
clongated shape. Oblong diaphragm valves may have a
non-circular shape and may occupy less surface area than
existing valves such as circular diaphragm valves described
above. Embodiments of oblong diaphragm valves may have
an oval, an elliptical, a rectangular, a stadium, or otherwise
non-circular shape. Those skilled 1n the art recogmize that
many non-circular shapes may be implemented 1n view of
this disclosure.

The non-circular shape of an oblong diaphragm valve
represents a deviation from a circular or spherical shape of
a circular diaphragm valve. The deviation may manifest, for
instance, 1 an elongation extending from a circle 1n one
direction and forming an oblong with approximately parallel
sides. This deviation can cause foundational and fundamen-
tal change in how a valve i1s formed and operates. For
example, the dimensional measurements of hemispherical
valve chambers described above can change when their
shape 1s deviated and no longer hemispherical. As described
below, oblong diaphragm valves can significantly improve
valve operation (such as that of a pump) 1n many areas.

In some embodiments, an oblong diaphragm valve may
have a valve body, a valve chamber, an inlet, an outlet, a
diaphragm, and a flow passage. The valve body may have a
first half and a second half. The diaphragm may be sand-
wiched between the first half and the second half of the valve
body. The first half of the valve body may have a first
depression defined 1n a face or end surface of a body, block,
or substrate. The second half of the valve body may have a
second depression defined 1n a face or end surface of a valve
plate.

In some embodiments, the first depression and the second
depression may have the same or substantially the same
oblong shape. The oblong shape may have a length and a
width, with the length greater than the width.

In some embodiments, the first depression and the second
depression may have the same or substantially the same
depth. In some embodiments, the depth may vary from
implementation to implementation depending upon one or
more factors. Examples of factors may include, but are not
limited to, an amount of vacuum or pressure required to fully
displace the diaphragm 1n the valve chamber, an extent of
expected stress on the diaphragm during operation of the
oblong diaphragm valve, a temperature or range of tempera-
tures having an eflect on the diaphragm, a dispense volume,
an expected failure rate for the diaphragm, an expected
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lifespan of the diaphragm, a diameter of the inlet, a diameter
of the outlet, a viscosity of the fluid, or a combination
thereof.

The flow passage may be defined in the second half of the
valve body and may have an opening centrally located
relative to the valve chamber for actuation of the diaphragm
to close or open the oblong diaphragm valve. The 1nlet may
be defined in the first half of the valve body and proximal to
the first end of the valve chamber for directing a fluid nto
the valve chamber when the oblong diaphragm valve 1s at an
open position. The outlet may be defined 1n the first half of
the valve body and proximal to the second end of the valve
chamber for directing the tluid out of the valve chamber
when the oblong diaphragm valve 1s at the open position.

When pressure 1s applied via the flow passage and the
centrally located opening defined 1n the second half of the
valve body to close the oblong diaphragm valve, the dia-
phragm displaces towards the first depression with minimal
or no stress and adapts to match the concaved surface of the
first depression. When vacuum 1s applied via the flow
passage and the centrally located opening defined in the
second half of the valve body to open the oblong diaphragm
valve and allow the fluid to flow from the inlet to the outlet,
the diaphragm displaces towards the second depression with
minimal or no stress and adapts to match the concaved
surface of the second depression. The concaved surfaces of
the first and second depressions (double concavity) together
form an oval, egg-shaped valve chamber.

The oval, egg-shaped valve chamber may have a cross-
sectional profile of a non-circular shape with no corners or
diverging lines. The cross-sectional profile of the valve
chamber may have a first end and a second end defined by
the length of the non-circular shape. The valve chamber may
have a volume defined by the first depression and the second
depression (e.g., depths, lengths, and/or widths) in the first
half and the second half of the valve body.

To seal the oblong diaphragm valve, a distorted, oblong
shaped O-ring may be used. The oblong diaphragm valve
may have a first sealing channel or groove defined in the first
haltf of the valve body and a second sealing channel or
groove defined 1n the second half of the valve body. The first
sealing channel or groove defined in the first half of the
valve body may have an oblong, elongated, elliptical, or
non-circular shape dimensioned to surround or otherwise
accommodate the first depression in the first half of the valve
body. The second sealing channel or groove defined 1n the
second half of the valve body may have an oblong, elon-
gated, elliptical, or non-circular shape dimensioned to sur-
round or otherwise accommodate the second depression in
the second half of the valve body.

In some embodiments, the first sealing channel or groove
may be dimensioned to receive the distorted, oblong shaped
O-ring therein. When the first half and the second half of the
valve body are joined and secured to each other, the dis-
torted, oblong shaped O-ring presses the diaphragm into the
second sealing channel or groove defined 1n the second half
of the valve body such that a seal i1s created and the
diaphragm 1s fixed in place. Alternatively, the second sealing
channel or groove may be dimensioned to receive the
distorted, oblong shaped O-ring therein. When the first half
and the second half of the valve body are joined and secured
to each other, the distorted, oblong shaped O-ring presses the
diaphragm 1nto the first sealing channel or groove defined 1n
the first half of the valve body such that a seal 1s created and
the diaphragm 1s fixed 1n place.

Referring to FIG. 3, oblong diaphragm valve 300 may
have valve chamber 310 at least partially defined by a curved
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surface carved into a face or end surtace of body, substrate,
or block 330. Additionally, oblong diaphragm valve 300

may have 1nlet 301 and outlet 303 defined 1n block 330 for
directing a flow 1nto and out of valve chamber 310. Prefer-
ably, inlet 301 1s positioned below and aligned with outlet
303 along a generally vertical axis relative to block 330.
Alternatively, inlet 301 can be positioned below and aligned
with outlet 303 along any angle relative to a vertical axis as
dictated by inlet 301 and outlet 303 positions. Sealing
channel or groove 320 may be recessed into the face or end
surface of block 330. Sealing channel or groove 320 may be
dimensioned to surround or otherwise accommodate valve
chamber 310.

As 1llustrated in FIG. 3, inlet 301 and outlet 303 are
positioned on opposite ends along the length of oblong
diaphragm valve 300. Since, as illustrated 1n FIG. 4A, there
are no opposite ends 1 a circle or sphere, a straight line
passing from side to side through the center of the circle or
sphere 1s known as the diameter (D) and not “length™ (L).

In the example of FI1G. 4A, circular diagram valve 450 has
valve chamber 418, inlet 451, and outlet 453 defined on a flat
tace or end surface of block 430. Valve chamber 418 has
cross-sectional profile 460 that 1s circular and that has a
diameter D (e.g., 0.797 inches). The volume of valve cham-
ber 418 1s defined by the hemispherical structure having
depth d and radius r (half of D, defined by a straight line
from the center to the circumierence of a circle or sphere
represented by cross-sectional profile 460), as explained
above.

As 1llustrated 1n FIG. 4B, the volume of a valve chamber
and, consequentially, the overall size of a valve can be
reduced without altering the positions of the inlet and outlet
ports, which may be pre-defined on a body, substrate, or
block as described above. For example, suppose the distance
(center-to-enter) between inlet 401 and outlet 403 positioned
in valve chamber 410 of oblong diaphragm valve 400 1s the
same or substantially the same as the distance between inlet
451 and outlet 453 positioned 1n valve chamber 418 of
circular diaphragm valve 450, the overall size of oblong
diaphragm valve 400 1s smaller than that of circular dia-
phragm valve 450. This size reduction 1s possible because
valve chamber 410 has cross-sectional profile 406.

In some embodiments, cross-sectional profile 406 can be
described as having an oblong, oval, elongated, rectangular,
stadium, elliptical, or otherwise non-circular shape defined
by length L and width W, with W less than L. In some
embodiments, the length L to width W ratio may be 2:1, 3:1,
or there-between. Other L/W ratios may also be possible. As
a non-limiting example, valve chamber 410 may have a
length of 0.662 inches and a width of 0.238 inches. Sealing
channel or groove 420 having cross-sectional profile 426
similar to cross-sectional profile 406 may be dimensioned to
surround or otherwise accommodate valve chamber 410.

Compared with a circular diaphragm valve, an oblong
diaphragm valve can take up less or significantly less space
in a valve design (e.g., about half of what would be required
for a circular diaphragm valve with a valve chamber diam-
cter that 1s about the same as or similar to the valve chamber
length of an oblong diaphragm valve) and thus can reduce
the footprint requirement of the underlying device employ-
ing the oblong diaphragm valve. As a non-limiting example,
valve chamber 418 of circular diaphragm valve 450 of FIG.
4A may occupy a total area of 0.4989 in* and a volume of
0.12 mL. By comparison, valve chamber 410 of oblong
diaphragm valve 400 of FIG. 4B may occupy an area of
0.1342 in® and a volume of 0.032 mL, nearly one fourth the
volume of circular diaphragm valve 450. This reduction can
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be magnified or made even more significant when multiple
oblong diaphragm valves are used i1n place of multiple
circular diaphragm valves. Furthermore, this reduction
allows for greater design flexibility. For instance, more
oblong diaphragm valves can be utilized 1n place of circular
diaphragm valves without having to change the size of the
underlying device. Additional benefits may include
increased dispensing accuracy and reduced pressure spikes
caused by actuating the valve. Because the valve chamber of
an oblong diaphragm valve 1s smaller than that of a circular
diaphragm valve, the holdup volume can also be reduced.
FIG. SA depicts a diagrammatic representation of a cross-
sectional view of example circular diaphragm valve 550.
Circular diaphragm valve 550 can be the same or similar to
circular diaphragm valve 200 described above. For example,
circular diaphragm valve 550 may have a hemispherical
valve chamber 518 defined by single concavity carved into
end surface 553 of valve plate 508. In this example, circular
diaphragm valve 550 1s shown 1n an open position, in which

diaphragm 504 1n valve chamber 518 1s displaced, allowing
a fluid to tlow from 1nlet 521 into valve chamber 5318 and out
of outlet 512. In this example, both inlet 521 and outlet 512
are defined on flat end surface 551 of dispense block 516.
Similar to circular diaphragm valve 200 described above,
annular rings (e.g., annular rings 220, 224) and an O-ring
(e.g., O-ring 222) can be utilized to seal hemispherical valve
chamber 518 and fix diaphragm 504 in place, as described
above. For clarity, these features are not shown 1n FIG. 5A.

As 1illustrated 1n FIG. SA, the single concavity defined 1n
valve plate 508 has a hemispherical shape that resembles the
iner surface of a bowl or sphere. When circular diaphragm
valve 550 1s actuated (e.g., via flow passage 506), diaphragm
504 displaces radially, towards concaved surface 533 of
valve plate 508 to open circular diaphragm valve 350 or
towards flat surface 551 of dispense block 516 to close
circular diaphragm valve 350. In doing so, diaphragm 504
adapts a semi-hemispherical shape against concaved surface
553 when circular diaphragm valve 3350 1s at an open
position and returns to a flattened shape against flat surface
551 when circular diaphragm valve 550 1s at a close posi-
tion.

Similar to circular diaphragm valve 200 described above,
as the depth of valve chamber 518 increases, the minimum
amount of vacuum needed to fully displace diaphragm 504
to open circular diaphragm valve 550 (1.¢., at a position in
which diaphragm 504 1s fully displaced into valve chamber
518) also increases, leading to additional stress on dia-
phragm 504. To reduce the displacement volume and the
stress that may be experienced by diaphragm 504, inlet 521
and outlet 512 are positioned close to each other, defined by
distance d1 that 1s measured from the center of inlet 521 and
to the center of outlet 512.

FIG. 3B depicts a diagrammatic representation of a cross-
sectional view of example oblong diaphragm valve 500
according to some embodiments. Oblong diaphragm valve
500 can be the same or similar to oblong diaphragm valve
300 or oblong diaphragm valve 400 described above. In the
example of FIG. 5B, body 510 and plate 520 may represent
parts ol a valve body of oblong diaphragm valve 500, with
diaphragm 530 sandwiched between the parts. Body 510 can
be made of PTFE or modified PTFE. Likewise, diaphragm
530 can be made of PTFE or modified PTFE. Plate 520 can
be machined out of aluminum. Other suitable materials can
also be used.

When joined and secured to each other, a first depression
at concaved end surface 561 of body 510 and a second
depression at concaved end surface 563 of plate 520 together




US 10,344,876 B2

13

form an oval, egg-shaped valve chamber 540. Similar to
valve chamber 310 or valve chamber 410 described above,
valve chamber 540 can have a cross-sectional profile having
a non-circular, oblong, elliptical, or elongated shape, with a
length greater than 1ts width and without any corners or
angles (1.e., the cross-sectional profile has no diverging
lines).

Each of the first depression and second depression can be
a smooth concaved surface machined or otherwise carved
using finely spaced cuts of diflerent depths and widths
approximating a smooth concaved surface that 1s curved
inward. As described above, valve chamber 540 of oblong
diaphragm valve 500 1s elongated so that 1t 1s longer than 1t
1s wide. The length and width of valve chamber 540 can be
tightly dimensioned to accommodate inlet 501 and outlet
503, which are positioned at opposite ends 581, 583 along
the length of valve chamber 540. Unlike 1nlet 521 and outlet
512 of circular diaphragm valve 3550, inlet 501 and outlet
503 of oblong diaphragm valve 500 are positioned as far
away from each other as possible. As such, the distance d2,
which 1s measured from the center of ilet 501 and to the
center of outlet 503, 1s greater or significantly greater than
the distance d1 between inlet 521 and outlet 512 of circular
diaphragm valve 350. Since the width of valve chamber 540
1s significantly less than the length of valve chamber 540, a
fluid flowing into valve chamber 540 from inlet 501 (e.g.,
via port 611 secured onto body 610 via fitting 621 shown 1n
FIG. 6) 1s forced to flow directly to outlet 503 (e.g., and out
via port 613 secured onto body 610 via fitting 623 shown 1n
FIG. 6). This straightforward, directed flow pattern can
reduce the time the fluid remains in valve chamber 540 and
making the connection/disconnection between inlet 501 and
outlet 503 more eflicient.

When oblong diaphragm valve 500 closes (e.g., by appli-
cation of pressure via flow passage 505 defined 1n plate 520),
diaphragm 530 displaces towards concaved surface 561 of
body 510 and adapts the non-circular shape of valve cham-
ber 540. When oblong diaphragm valve 500 opens (e.g., by
application of vacuum via tlow passage 505 defined 1n plate
520), diaphragm 530 displaces towards concaved surface
563 of plate 520 and again adapts the non-circular shape of
valve chamber 540. The double concavity of valve chamber
540 (which 1s defined by concaved surface 561 of body 510
and concaved surface 563 of plate 520) allows diaphragm
530 to be pushed against concaved surface 561 of body 510
with a reduced pressure (1n ps1) to close oblong diaphragm
valve 500 or pulled against concaved surface 563 of plate
520 with less vacuum (in Hg) to open oblong diaphragm
valve 500 than what would be required by single concavity
valve chambers. Furthermore, the double concavity of valve
chamber 540 can distribute and thus reduce the stress placed
on diaphragm 3530. Spacing inlet 501 and outlet 503 at
opposite ends of valve chamber 340, away from centrally
located opening 507 of flow passage 305 through which
actuation 1s applied, can also help to distribute and thus
reduce the stress placed on diaphragm 530.

The actual depths of concaved surfaces 1n an oblong
diaphragm valve can vary from implementation to imple-
mentation. Generally, the shallower a concaved surface 1s,
the smaller volume of fluid 1s held therein. This may have
technical effects of reducing waste and pressure spikes as
well as reducing stress on the diaphragm. However, the flow
may be more restricted which, 1 turn, may require more
power to pump the fluid. More pumping power may expedite
degradation of the fluid or otherwise adversely aflect the
fluid due to the heat generated by increased power. As such,
depths of concaved surfaces in an oblong diaphragm valve
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may be particularly selected to achieve a desired operation
profile that balances many real-world considerations such as
waste reduction, stagnation reduction, pressure spikes
reduction, stress reduction, power consumption, heat gen-
eration, fluid degradation, flmd viscosity, longevity of dia-
phragm, etc.

In some embodiments, the concaved surfaces may have
the same or approximately the same dimensions. This allows
for the displacement volume of fluid (when oblong dia-
phragm valve 500 1s open) to be the same or approximately
the same as the holdup volume (when oblong diaphragm
valve 500 1s closed), regardless of the amount of vacuum
applied (in the operational range of oblong diaphragm valve
500) and/or temperature. This displacement configuration
allows a uniform volumetric correction to be implemented to
correct for pressure spikes that may be caused by the
displaced volume when oblong diaphragm valve 500 closes.

Because the concaved surfaces are defined in both body
510 and plate 520, each of the concaved surfaces can be even
shallower than what would be required in single concavity
valve chambers. This means that diaphragm 530 can be
moved or stretched less 1n both directions when closing or
opening oblong diaphragm valve 500 (towards/away from
body 510, for instance). As the depth of concaved valve
chamber 540 decreases, 1t takes less vacuum power to
displace diaphragm 330 to 1ts fully open position, reducing
the stress on diaphragm 530. Furthermore, because dia-
phragm 530 1s oblong shaped and thus 1s narrower in width,
the stress on diaphragm 530 can be further reduced. Reduc-
ing the stress on the diaphragm may increase the lifespan of
the diaphragm and may result 1n less frequent failures and
reduced maintenance.

Valve chamber 540 can be sized to allow diaphragm 530
to displace sufliciently to allow fluid tlow from inlet 501 to
outlet 503, as described above. Additionally, valve chamber
540 can be sized to minimize pressure drop while reducing
the displacement volume. Moreover, valve chamber 540 can
be sized 1 view of a fluid property (e.g., viscosity) and/or
to balance desired flow characteristics with the stress on
diaphragm 530. For example, the length of valve chamber
540 may be based on or proportional to the diameter(s) of
inlet 501 and/or outlet 503.

Other factors may be considered in determining a proper
s1ze of valve chamber 540. For example, 1t may be desirable
that the stress on diaphragm 503 remains below the yield
strength of 1ts material when diaphragm 303 1s fully dis-
placed (either at an open position or at a closed position) in
valve chamber 540.

As another example, it may be desirable to mimimize the
vacuum or pressure required to fully displace diaphragm 530
in valve chamber 340. In operation, the amount of vacuum
available to open a valve may fluctuate. Also, the tempera-
ture of the diaphragm material may aflect the amount of
vacuum required to fully displace the diaphragm. Fully
displacing the diaphragm may be important in certain appli-
cations such as semiconductor manufacturing where the
dispense volume must be accurately controlled. If the avail-
able vacuum pressure 1s insuflicient to fully displace the
diaphragm, the dispense volume may be aflected which may
cause defects 1n the finished product. Therefore, in some
embodiments, valve chamber 540 may be sized or otherwise
dimensioned such that diaphragm 330 fully displaces 1n
valve chamber 540, even in suboptimal conditions (e.g., low
diaphragm temperature and/or low vacuum).

As yet another example, valve chamber 540 may be si1zed
or otherwise dimensioned in consideration of an expected
failure rate for diaphragm 330. Generally, holding every-
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thing else constant, the deeper the double concavity of valve
chamber 540 1s, the more stress will be on diaphragm 530,

which may lead to a shorter life of diaphragm 3530. Accord-
ingly, the double concavity of valve chamber 540 may be
particularly structured or otherwise configured 1n consider-
ation of an expected failure rate relative to the expected

lifespan of diaphragm 530. As a non-limiting example, valve
chamber 540 may be sized or otherwise dimensioned such
that diaphragm 330 has a less than 1% chance (an expected
tailure rate) to fail 1 1- to 2-million cycles (an expected
lifespan of diaphragm 530).

Embodiments of an oblong diaphragm valve described
above can be implemented 1 many ways, utilized for
different applications, and embodied on various types of
devices. As a non-limiting example, FIG. 6 depicts a dia-
grammatic representation of a cross-sectional view of sys-
tem 690 having body 610, valve plate 620, and oblong
diaphragm valve 600. Oblong diaphragm valve 600 can be
the same or similar to oblong diaphragm valve 500
described above with reference to FIG. 5. In some embodi-
ments, system 690 may be part of a larger system such as a
single-stage or multi-stage pump.

As described above, the body of oblong diaphragm valve
600 can be formed of multiple pieces and can include a
double concavity valve chamber defined by concaved sur-
faces machined or otherwise carved into end surfaces of
body 610 and valve plate 620. A sheet of elastomeric
membrane or material 663 1s sandwiched between the con-
caved surfaces of body 610 and valve plate 620, forming
diaphragm 630. Pressure (e.g., 35 ps1) or vacuum (e.g., 10
Hg) can be applied to diaphragm 630 via valve control inlet
650 on valve plate 620 and flow passage 605 defined 1n
valve plate 620 to close or open oblong diaphragm valve 600
as described above.

As 1llustrated 1n FIG. 6, distorted, oblong shaped O-ring
662 may be seated 1n oblong sealing channel or groove 660
defined 1n valve plate 620. Oblong sealing channel 660 may
be dimensioned to surround or otherwise accommodate
valve chamber 640. A smaller, shallower oblong sealing
channel or groove 664 may be defined in body 610. Like
oblong sealing channel 660, oblong sealing channel 664
may be dimensioned to surround or otherwise accommodate
valve chamber 640. When valve plate 620 1s attached to
body 610, distorted, oblong shaped O-ring 662 presses
material 663 1into oblong sealing channel 664, sealing
oblong diaphragm valve 600. This creates a seal and fixes
diaphragm 630 1n place. Alternatively, oblong sealing chan-
nel 664 may be constructed to receirve distorted, oblong
shaped O-ring 662 and oblong sealing channel or groove
660 defined in valve plate 620 may be smaller and/or
shallower than oblong sealing channel 664. When valve
plate 620 and body 610 are joined and secured to each other,
distorted, oblong shaped O-ring 662 presses material 663
into oblong sealing channel 660, sealing oblong diaphragm
valve 600 and fixing diaphragm 630 1n place.

FIG. 7A depicts a diagrammatic representation 1llustrating,
example flow patterns produced by circular diaphragm
valves 760, 762 1n a pumping system. Each of circular
diaphragm valves 760, 762 can be similar to a circular
diaphragm valve described above. As illustrated in FIG. 7A,
cach valve chamber has a circular cross-sectional profile.
When a circular diaphragm valve 1s opened, a fluid generally
flows from an inlet (e.g., ilet 751) to an outlet (e.g., outlet
753). However, flow patterns (e.g., 796, 798) vary greatly,
depending upon where the inlet and outlet ports are posi-
tioned 1n the circular valve chamber.
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FIG. 7B depicts a diagrammatic representation of
example flow pattern 799 produced by oblong diaphragm
valve 710 according to some embodiments. Oblong dia-
phragm valve 710 can be similar to an oblong diaphragm
valve described above, although the structure details are not
shown here for the sake of clarity. As illustrated in FIG. 7B,
the valve chamber of oblong diaphragm wvalve 710 has a
non-circular cross-sectional profile defined by a length (L)
and a width (W). While L can be approximately the same as
the diameter (D) of circular diaphragm valve 760, W 1s
significantly less than L. When oblong diaphragm valve 710
1s opened, this width constrains the flow and forces the fluid
to flow directly or generally directly from inlet 701 to outlet
703, producing a directed, more elongated tlow pattern 799
that 1s significantly more eflicient than circular flow patterns
such as those flow patterns 798, 796 shown in FIG. 7A. As
can be seen 1 FIG. 7B, flow lines of flow pattern 799 are
tightly spaced and substantially parallel. This efliciency can
reduce the displacement volume as well as fluid stagnation,
among other benefits described above.

By comparison, flow lines of flow patterns 798, 796
shown 1 FIG. 7A are less compact and not well organized.
Additionally, some areas of flow patterns 798, 796 show
very little tflow, which can lead to fluid stagnation. Stagnant
fluid may gel or otherwise degrade over time, which may
cause defects 1n a finished product.

As another non-limiting example, FIG. 8A depicts a
diagrammatic representation of circular diaphragm valves
defined on an end surface of body 800 such as a dispense
block. These circular diaphragm valves may function as
purge valve 810, i1solate valve 820, barrier valve 830, and
inlet valve 840, each of which has ports 850, 860 defined 1n
body 800. In this example, port 850 may connect to an 1nlet
and port 860 may connect to an outlet of a circular dia-
phragm valve.

FIG. 8B depicts a diagrammatic representation of oblong,
diaphragm valves defined on the end surface of body 800,
illustrating a sigmificantly greater flexibility in structuring
body 800 with purge valve 810, isolate valve 820, barrier
valve 830, and ilet valve 840 in place of the circular
diaphragm valves shown in FIG. 8A. For example, difierent
configurations of body 800 are now possible without even
needing to alter the size(s) and/or positions of ports 850, 860
defined 1n body 800. This 1s possible because the oblong
diaphragm valves of FIG. 8B take up much less space on
body 800 than the circular diaphragm valves shown 1n FIG.
8A, providing an opportunity (which does not exist with
circular diaphragm valves) to add one or more oblong
diaphragm valves. Furthermore, the inlets and outlets may
be positioned 1n a more advantageous manner, such as by
aligning each outlet vertically over or above a corresponding
inlet (e.g., port 860 may now connect to an inlet and port 850
may now connect to an outlet of an oblong diaphragm
valve). This arrangement allows any bubbles or micro-
bubbles 1n a fluid flowing from the inlet to the outlet to rise
up naturally. Such an arrangement may also reduce the
necessary form factor for body 800. Reducing the form
factor of body 800 may reduce cost, reduce wasted fluid,
and/or improve periformance.

Other 1mplementations may also be possible. For
example, FIG. 9 depicts a diagrammatic representation of an
exploded view of example system 900 having a plurality of
oblong diaphragm valves 902 according to some embodi-
ments. Each oblong diaphragm valve 902 may be similar to
an oblong diaphragm valve described above.

In the example of FIG. 9, valve plate 920 1s mounted onto
body 910 via mounting screws 970, with a single piece of
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material 930 sandwiched between them to form multiple
diagrams. Each oblong diaphragm valve 902 may include
O-ring 960 and corresponding sealing channels or grooves
for sealing and fixing a diaphragm 1in place, as described
above. Ports 911, 913 on body 910 may connect to the inlets
and the outlets of oblong diaphragm valves 902 individually,
providing fluid connections with components external to
system 900. In some embodiments, system 900 may be part
of a larger system such as a high precision pump useful 1n
semiconductor manufacturing processes.

Furthermore, valve control inlets 950 may connect flow
passages defined in valve plate 920 to non-circular valve
chambers of oblong diaphragm valves 902. As described
above, the non-circular valve chambers of oblong dia-
phragm valves 902 may be defined by double concavity
formed by concaved end surfaces defined on body 910 and
valve plate 920. As shown 1n FIG. 9, each oblong diaphragm
valve 902 may have an inlet positioned directly below an
outlet so that flmd flow 1s onented generally upwards from
the inlet to the outlet. While the 1nlet and the outlet may be
positioned at opposite ends of the non-circular valve cham-
ber, the space or distance between the inlet and the outlet
may be minimized to further reduce the size of the non-
circular valve chamber needed to connect (when oblong
diaphragm valve 902 1s opened) and disconnect (when
oblong diaphragm valve 902 1s closed) them.

Although specific embodiments have been described,
these embodiments are merely 1llustrative, and not restric-
tive of the mnvention. The description herein of 1illustrated
embodiments of the mvention, including the summary and
the abstract, 1s not intended to be exhaustive or to limit the
invention to the precise forms disclosed herein (and 1n
particular, the inclusion of any particular embodiment, fea-
ture or function 1s not intended to limit the scope of the
invention to such embodiment, feature or function). Rather,
the description 1s mtended to describe illustrative embodi-
ments, features and functions in order to provide a person of
ordinary skill 1n the art context to understand the mnvention
without limiting the invention to any particularly described
embodiment, feature or function.

While specific embodiments of, and examples for, the
invention are described herein for illustrative purposes only,
various equivalent modifications are possible within the
spirit and scope ol the invention, as those skilled in the
relevant art will recogmze and appreciate. As indicated,
these modifications may be made to the invention 1n light of
the foregoing description of 1llustrated embodiments of the
invention and are to be included within the spirit and scope
of the invention. Thus, while the invention has been
described herein with reference to particular embodiments
thereol, a latitude of modification, various changes and
substitutions are intended in the foregoing disclosures, and
it will be appreciated that in some 1nstances some features of
embodiments of the ivention will be employed without a
corresponding use of other features without departing from
the scope and spirit of the invention as set forth. Therefore,
many modifications may be made to adapt a particular
situation or material to the essential scope and spirit of the
invention.

As used herein, the terms “comprises,” “comprising,”
“includes,” “including,” “has,” “having” or any other varia-
tion thereot, are intended to cover a non-exclusive inclusion.
For example, a process, article, or apparatus that comprises
a list of elements 1s not necessarily limited only those
clements but may include other elements not expressly listed
or inherent to such process, article, or apparatus. Further,
unless expressly stated to the contrary, “or” refers to an
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inclusive or and not to an exclusive or. For example, a
condition A or B 1s satisfied by any one of the following: A
1s true (or present) and B 1s false (or not present), A 1s false
(or not present) and B 1s true (or present), and both A and B
are true (or present).

Additionally, any examples or illustrations given herein
are not to be regarded 1n any way as restrictions on, limits
to, or express definitions of, any term or terms with which
they are utilized. Instead, these examples or 1llustrations are
to be regarded as being described with respect to one
particular embodiment and as illustrative only. Those of
ordinary skill in the art will appreciate that any term or terms
with which these examples or illustrations are utilized will
encompass other embodiments which may or may not be
grven therewith or elsewhere 1n the specification and all such
embodiments are intended to be included within the scope of
that term or terms. Language designating such non-limiting
examples and 1llustrations includes, but 1s not limited to:
“for example,” “for instance,” “e.g.,” “in one embodiment.”

Reference throughout this specification to “one embodi-
ment”, “an embodiment”, or “a specific embodiment” or
similar terminology means that a particular feature, struc-
ture, or characteristic described in connection with the
embodiment 1s included 1n at least one embodiment and may
not necessarily be present 1n all embodiments. Thus, respec-
tive appearances of the phrases “in one embodiment™, “in an
embodiment”, or “mn a specific embodiment” or similar
terminology 1n various places throughout this specification
are not necessarily referring to the same embodiment. Fur-
thermore, the particular features, structures or characteristics
of any particular embodiment may be combined in any
suitable manner with one or more other embodiments. It 1s
to be understood that other variations and modifications of
the embodiments described and 1llustrated herein are pos-
sible 1n light of the teachings herein and are to be considered
as part of the spirit and scope of the invention.

In the description herein, numerous specific details are
provided, such as examples of components and/or methods,
to provide a thorough understanding of embodiments of the
invention. One skilled in the relevant art will recognize,
however, that an embodiment may be able to be practiced
without one or more of the specific details, or with other
apparatus, systems, assemblies, methods, components,
matenals, parts, and/or the like. In other instances, well-
known structures, components, systems, materials, or opera-
tions are not specifically shown or described 1n detail to
avoild obscuring aspects of embodiments of the invention.
While the invention may be illustrated by using a particular
embodiment, this 1s not and does not limit the invention to
any particular embodiment and a person of ordinary skill 1n
the art will recognize that additional embodiments are
readily understandable and are a part of this mnvention.

It will also be appreciated that one or more of the elements
depicted 1n the drawings/figures can also be implemented 1n
a more separated or integrated manner, or even removed or
rendered as 1noperable in certain cases, as 1s useful i1n
accordance with a particular application. Additionally, any
signal arrows 1n the drawings/figures should be considered
only as exemplary, and not limiting, unless otherwise spe-
cifically noted. The scope of the disclosure should be
determined by the following claims and their legal equiva-
lents.

What 1s claimed 1s:

1. An oblong diaphragm valve, comprising:

a valve body having a first half and a second half, the first

half of the valve body having a first depression defined
in a face of a dispense block, the second half of the
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valve body having a second depression defined 1n a
face of a valve plate, the first depression and the second
depression having a same or substantially same depth
and having a same or substantially same oblong shape,
the oblong shape having a length and a width, the
length greater than the width;

a valve chamber having a volume defined by the first
depression and the second depression 1n the first half
and the second half of the valve body, the valve
chamber having a first end and a second end defined by
the length of the oblong shape;

an 1nlet defined 1n the first half of the valve body and
proximal to the first end of the valve chamber for
directing a fluid into the valve chamber;

an outlet defined 1n the first half of the valve body and
proximal to the second end of the valve chamber for
directing the fluid out of the valve chamber;

a diaphragm sandwiched between the first half and the
second half of the valve body;

a flow passage defined in the second half of the valve
body and having an opening centrally located relative
to the valve chamber for actuation of the diaphragm to
close or open the oblong diaphragm valve a distorted,
oblong shaped O-ring;

a first sealing channel or grove defined in the first half of
the body, the first sealing channel or grove having an
oblong, elongated, elliptical, or non-circular shape sur-
rounding the first depression in the first of the valve
body;

a second sealing channel or groove defined 1n the second
half of the valve body, the second sealing channel or
groove having an oblong, elongated, elliptical, or non-
circular shape surrounding the second depression 1n the
second half of the valve body.

2. The oblong diaphragm valve of claim 1, wherein the
first sealing channel or groove 1s dimensioned to receive the
distorted, oblong shaped O-ring therein and wherein when
the first half and the second half of the valve body are joined
and secured to each other, the distorted, oblong shaped
O-ring presses the diaphragm into the second sealing chan-
nel or groove defined 1n the second half of the valve body
such that a seal 1s created and the diaphragm 1s fixed 1n
place.

3. The oblong diaphragm valve of claim 1, wherein the
second sealing channel or groove 1s dimensioned to receive
the distorted, oblong shaped O-ring therein and wherein
when the first half and the second half of the valve body are
joined and secured to each other, the distorted, oblong
shaped O-ring presses the diaphragm into the first sealing
channel or groove defined 1n the first half of the valve body
such that a seal 1s created and the diaphragm 1s fixed 1n
place.

4. The oblong diaphragm valve of claim 1, wherein the
depth 1s dependent upon at least one of:

an amount of vacuum or pressure required to fully dis-
place the diaphragm 1n the valve chamber;

an extent of expected stress on the diaphragm during
operation of the oblong diaphragm valve;

a temperature or range ol temperatures having an effect on
the diaphragm;

a dispense volume;

an expected failure rate for the diaphragm;

an expected lifespan of the diaphragm;

a diameter of the inlet:

a diameter of the outlet; or

a viscosity of the fluid.
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5. The oblong diaphragm valve of claim 1, wherein the
first depression defines a seat having a concaved surface
against which the diaphragm adapts to match with minimal
or no stress when pressure 1s applied via the flow passage
and the opening defined in the second half of the valve body
to close the oblong diaphragm valve.

6. The oblong diaphragm valve of claim 1, wherein the
second depression defines a seat having a concaved surface
against which the diaphragm adapts to match with minimal
or no stress when vacuum 1s applied via the tlow passage and
the opening defined 1n the second half of the valve body to
open the oblong diaphragm valve and allow the fluid to tlow
from the 1nlet to the outlet.

7. The oblong diaphragm valve of claim 1, wherein the
valve chamber has a cross-sectional profile of a non-circular
shape with no corners or diverging lines.

8. The oblong diaphragm valve of claim 1, wherein the
dispense block, the valve plate, and the oblong diaphragm
valve there-between are 1 a pump.

9. A system, comprising:

a body having a first end face;

a plate having a second end face; and

an oblong diaphragm valve having:

a first part and a second part, the first part of the oblong
diaphragm valve having a first curved surface carved
into the first end face of the body, the second part of
the oblong diaphragm valve having a second curved
surface carved into the second end face of the plate,
the first curved surface and the second curved sur-
face having a same or substantially depth and having
a same or substantially same oblong shape, the
oblong shape having a length and a width, the length
greater than the width;

a valve chamber having a volume defined by the first
curved surface and the second curved surface 1n the
first part and the second part of the oblong dia-
phragm valve, the valve chamber having a first end
and a second end defined by the length of the oblong
shape;

an 1nlet defined 1n the first part of the oblong diaphragm
valve and proximal to the first end of the valve
chamber for directing a fluid into the valve chamber;

an outlet defined 1n the first half of the oblong dia-
phragm valve and proximal to the second end of the
valve chamber for directing the fluid out of the valve
chamber:;

a diaphragm sandwiched between the first part and the
second part of the oblong diaphragm valve;

a flow passage defined in the second part of the oblong
diaphragm valve and having an opeming centrally
located relative to the valve chamber for actuation of
the diaphragm to close or open the oblong diaphragm
valve a distorted, oblong shaped O-ring;

a first sealing channel or groove defined 1n the first part of
the oblong diaphragm valve, the first sealing channel or
groove having an oblong, elongated, elliptical, or non-
circular shape surrounding the first curved surface 1n
the first part of the oblong diaphragm valve; and

a second sealing channel or groove defined 1n the second
part of the oblong diaphragm valve, the second sealing
channel or groove having an oblong, elongated, ellip-
tical, or non-circular shape surrounding the second
curved surface in the second part of the oblong dia-
phragm valve.

10. The system of claam 9, wherein the first sealing

channel or groove 1s dimensioned to receive the distorted,
oblong shaped O-ring therein and wherein when the first part
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and the second part of the oblong diaphragm valve are joined
and secured to each other, the distorted, oblong shaped
O-ring presses the diaphragm 1nto the second sealing chan-
nel or groove defined in the second part of the oblong
diaphragm valve such that a seal 1s created and the dia-
phragm 1s fixed 1n place.

11. The system of claim 9, wherein the second sealing
channel or groove 1s dimensioned to receive the distorted,
oblong shaped O-ring therein and wherein when the first part
and the second part of the oblong diaphragm valve are joined
and secured to each other, the distorted, oblong shaped
O-ring presses the diaphragm into the first sealing channel or
groove defined in the first part of the oblong diaphragm
valve such that a seal 1s created and the diaphragm 1s fixed
in place.

12. The system of claim 9, wherein the depth 1s dependent
upon at least one of:

an amount ol vacuum or pressure required to fully dis-

place the diaphragm in the valve chamber;

an extent of expected stress on the diaphragm during

operation of the oblong diaphragm valve;

a temperature or range ol temperatures having an effect on

the diaphragm;

a dispense volume;

an expected failure rate for the diaphragm;

an expected lifespan of the diaphragm:;

a diameter of the inlet;
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a diameter of the outlet; or

a viscosity of the fluid.

13. The system of claim 9, wherein the first curved surface
defines a seat against which the diaphragm adapts to match
with minimal or no stress when pressure 1s applied via the
flow passage and the opening defined 1n the second part of
the oblong diaphragm valve to close the oblong diaphragm
valve.

14. The system of claim 9, wherein the second curved
surface defines a seat against which the diaphragm adapts to
match with minimal or no stress when vacuum 1s applied via
the tlow passage and the opening defined in the second part
of the oblong diaphragm wvalve to open the oblong dia-
phragm valve and allow the fluid to flow from the inlet to the
outlet.

15. The system of claim 9, wherein the valve chamber has
a cross-sectional profile of a non-circular shape with no
corners or diverging lines.

16. The system of claim 9, wherein the body 1s part of a
dispense block 1n a pump, wherein the plate comprises a
valve plate, and wherein the second end face of the valve
plate 1s structured to couple to the first end face of the
dispense block such that the diaphragm is sandwiched
between the first part and the second part of the oblong
diaphragm valve.
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